Cardiovascular disease (CVD) is the primary cause of death in Korea. Hyperhomocysteinemia confers an independent risk for CVD comparable to the risk of smoking and hyperlipidemia. The purpose of this study was to assess the effect of cardiovascular risk factors and body composition change on homocysteine (Hcy) levels in Korean men and women. The association between body composition and Hcy levels was investigated in a 2-yr prospective cohort study of 2,590 Koreans (mean age 45.5 ± 9.6 yr). There were 293 cases of hyperhomocysteinemia ( > 14 μM/L) at follow-up. Increases in total body fat proportion and decreases in lean body mass (LBM) were significantly associated with increases in Hcy concentration after controlling for confounding factors. Further adjustments for behavioral factors showed that decreases in LBM were associated with Hcy increase. Decrease in LBM also predicted hyperhomocysteinemia at follow-up, after controlling for confounding factors. There was no significant association between change in body mass index (BMI) and Hcy concentrations over time. Hcy changes over time were related to change in LBM and body fat content, whereas BMI or weight change did not predict change in Hcy levels. Changes in ratio of LBM to total fat mass may contribute to hyperhomocysteinemia.
INTRODUCTION
It has been suggested that hyperhomocysteinemia confers an independent risk for cardiovascular disease (CVD) comparable to that of smoking and hyperlipidemia (1) . The atheropathology of hyperhomocysteinemia has been proposed to result from oxidizing effects on low-density lipoprotein (LDL) (1) as well as auto-oxidation effects of Hcy, leading to increases in endothelium-damaging hydrogen peroxide (2) .
Homocysteine (Hcy) concentrations increase with age (3). Other causes of elevated Hcy include low intake or deficiencies of B vitamins, genetic defects, polymorphisms of enzymes involved in Hcy metabolism, impaired renal function, and lifestyle factors such as smoking, heavy coffee consumption, and lack of exercise (4) . Research in rat models has proposed that insulin alters the activity of metabolic enzymes involved in the turnover of Hcy (5) . In 1998, the first study in humans exploring the connection of Hcy to insulin showed a positive association between serum insulin and Hcy levels (6) .
A recent study has shown that body weight was also a significant factor influencing plasma concentrations of total Hcy; an inverse association between gain in body weight and change in Hcy concentration was seen, even after adjustment for vitamin status, smoking, and coffee consumption (7) . The mechanism by which weight affects Hcy is difficult to discern, because various factors with partly opposite effects may be involved. These include alterations in vitamin B status by diet or physical activity (8, 9) , insulin effects (10) , and decreased creatinine synthesis and Hcy formation by reduction in muscle mass (11) . Although the importance of body composition was previously explored (12) , the effects of body composition change in association to changes in Hcy and the development of hyperhomocysteinemia have not been previously investigated. Moreover, the association between Hcy and long-term body composition change in non-Caucasian populations is less clear. To address these shortcomings, we conducted a prospective cohort study to assess effects of body composition change on Hcy in Korean men and women. od were excluded. In addition, 13 subjects with missing information about Hcy level were excluded. The final sample included 2,590 subjects.
MATERIALS AND METHODS

Patients
Data collection
The sociodemographic characteristics of subjects (smoking status, alcohol drinking status, and activity status) were surveyed by questionnaire. Height, weight, and body composition were measured using bioelectrical impedance analysis (Inbody 3.0; Biospace, Seoul, Korea) following an overnight fast. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ) (13). Waist circumference was measured at the middle part between the lower rib and iliac crest by a trained nurse. Blood pressure was measured with a model TM-2650A semiautomated blood pressure monitor (PMS Instruments, Tokyo, Japan) after a rest of at least 15 min. Venous blood was drawn following an 8 hr overnight fast and 24 hr abstinence from vigorous activity. Levels of hemoglobin, albumin, creatinine, glucose, total cholesterol, triglyceride, and high density lipoprotein cholesterol were measured with a model TBA-200FR enzymatic colorimetric apparatus (Toshiba, Tokyo, Japan); serum insulin was measured with an immunoradiometric assay kit (Dnabot, Tokyo, Japan). Homocysteine was measured with an IMX ® homocysteine assay kit (Abbott, Abbott Park, IL, USA) by fluorescence polarization immunoassay (FPIA).
Outcome definition and follow-up procedures
We defined hyperhomocysteinemia as Hcy levels > 14.0 μM/L compared to the normal reference range of 3.7-13.9 μM/L. The last follow-up was conducted on 28 February 2009, and the mean follow-up period was 2.1 yr.
Statistics
We examined the relationship between body composition, cardiovascular risk factors, and Hcy levels at baseline, adjusting for age, gender, smoking status, alcohol intake, exercise habits, and serum creatinine. Linear regression analyses were used to assess effects of body composition as predictors of changes in plasma Hcy concentration, controlling for age, gender, smoking status, alcohol intake, exercise habits, serum creatinine, and baseline Hcy and body composition levels. Logistic regression analyses were used to evaluate associations of changes in body composition to hyperhomocysteinemia at follow-up, while controlling for age, gender, and baseline Hcy and body composition levels. In all analyses, a two-sided α level of 0.05 was considered statistically significant. All analyses were conducted with the use of SPSS version 12 software (SPSS, Chicago, IL, USA).
Ethics statement
The institutional review board of Ajou University approved the study (AJIRB-MED-MDB-10-032). The board waived informed consent from the survey participants.
RESULTS
Demographic characteristics
Demographic characteristics are presented in Table 1 . The total population of 2,590 individuals comprised 1,570 (60.6%) men and 1,020 (39.4%) women. The mean Hcy concentration was 9.36 ± 1.95 μM/L for men and 7.01 ± 1.79 μM/L for women. Men had higher BMI and lean body mass levels than women. In contrast, women had higher total body fat levels than men. Men, in comparison to women, had higher rates of smoking and alcohol intake ( Correlation between cardiovascular risk factors and homocysteine concentrations at baseline by gender There were associations between Hcy and body composition measures at baseline, especially between Hcy and lean body mass (r = 0.433, P < 0.001). Consistent with previous research (14) , this association was largely moderated by gender (Fig. 1) . Therefore, the data of the baseline Hcy to CVD risk factors and body composition measures was presently investigated separately for men and women. In women, Hcy levels were associated with total body fat percent and total body fat mass, associations that remained significant after adjustment for age, serum creatinine, smoking status, alcohol intake, and exercise habits ( Table 2) . Hcy levels were also associated with systolic blood pressure, diastolic blood pressure, total cholesterol, and low density lipoprotein cholesterol levels, but these associations were reduced to non-significance after adjustment. As shown in Table 2 , there were no associations between Hcy levels and body composition measures or other cardiovascular risk factors in the men after adjustment.
Change in body composition in the prediction of changes in homocysteine concentrations
To assess the associations between body composition and Hcy concentrations, linear regression models were conducted, controlling for age, gender, serum creatinine, baseline Hcy level, and baseline body composition level. Higher total body fat percent and lower weight, waist circumference, and lean body mass were significantly associated with changes in Hcy concentrations (Table 3) . Further adjustments for smoking status, alcohol intake, and exercise habits revealed that changes in waist circumference and lean body mass were still negatively associated with changes in Hcy concentrations.
Associations of changes in body composition to change in homocysteine levels
The associations of changes in body composition to hyperhomocysteinemia were examined in separate logistic regression models that controlled for age, gender, and baseline levels of Hcy and body composition measures (Table 4) . Hyperhomocysteinemia was significantly associated with a decrease in lean body mass over the study period, after controlling for baseline Hcy levels and baseline lean body mass level. BMI, waist circumference, weight, total body fat percent, and total body fat mass did not predict hyperhomocysteinemia after controlling for baseline levels.
DISCUSSION
Results from the present study showed that change in lean body mass was associated with change in Hcy concentrations. Previous evidence that moderate protein-energy depletion leads to hyperhomocysteinemia (15) disagrees with the view that Hcy and methionine concentrations are positively related to the abundance of fat-free mass. It was recently suggested that in protein energy malnutrition, hyperhomocysteinemia arised from the activation of sulphur sparing mechanisms based on the suppression of the trans-sulphuration pathway, that was not coupled to a compensatory increment in remethylation, leading to an incremental change in the homocysteine/methionine ratio (16) . This assumption is consistent with the assumption that increased methionine concentration raises the concentration of S-adenosylmethionine (17) , thus leading to the inhibition of methylenetetrahydrofolate reductase activity (18), a key enzyme in the remethylation pathway of Hcy.
On the other hand, preliminary evidence exists that Hcy levels are positively linked to creatine turnover rates and muscle mass, as suggested by a study on German individuals where lean body mass was estimated using skinfold thickness or single-frequency bioelectrical impedance analysis (19) . Currently, there was a positive cross-sectional correlation between lean body mass and Hcy levels at base line. This was mainly driven by an interaction effect of sex and lean body mass on Hcy levels. It has been suggested that the effect of muscle mass may be related to the amount of Hcy formed in conjunction with creatine-creatinine synthesis (20) . In addition, sex steroid-induced change in plasma Hcy levels could conceivably be explained by their anabolic/catabolic effects (14) .
Our study also revealed that an increase in total body fat percent is associated with increase in Hcy concentrations. Reductions in muscle mass and physical activity levels decreases total energy expenditures, which results in the accumulation of fat mass, especially visceral fat (21) . Along with visceral fat accumulation, loss of skeletal muscle, which is the largest insulin-responsive target tissue, produces insulin resistance (IR) promoting metabolic syndrome (22) . In addition, an association between IR and Hcy similar to that of insulin was found, consistent with the existence of a vicious circle. Thus, part of the dangers of Hcy might be explained by its link with IR (23). Also, IR was associated with elevated plasma tHcy levels in healthy, nonobese subjects suggesting that elevated Hcy levels may be a biological link between IR and atherothrombosis (24) .
On the other hand, another study found no significant asso- Adjusted for age, gender, serum creatinine, baseline homocysteine level, and baseline body composition level; ‡ P < 0.05 controlling for age, gender, serum creatinine, baseline homocysteine level, baseline body composition level, smoking status, alcohol intake, and exercise. ciation between levels of Hcy and IR in a population with an increased risk for type 2 diabetes. Despite a successful lifestyle intervention resulting in a significant decrease in body mass index, body fat content, and improved insulin sensitivity, no differences in Hcy concentrations were achieved (10) . Also, our results did not reveal a significant relation of Hcy levels with homeostatic model assessment-IR using subgroup analysis (data not shown). A recent study found that Hcy concentration was significantly higher in hyperinsulinemic obese children than in the normoinsulinemic group. There was no significant difference in Hcy levels between the obese and non-obese children (25) . Therefore, increased plasma Hcy, particularly in hyperinsulinemic obese children, may be causally involved in the pathogenesis of atherosclerosis and/or CVD, both of which are common in obesity (26) . In our study, a decrease in waist circumference was significantly related to increased Hcy levels. Also, an overall weight gain tended to show a negative relation to change in Hcy levels, although the association was not significant after further adjustment. A previous study reported that weight gain was inversely related to Hcy levels (7). Another study assessed the renal effects of high vs low-protein low-fat diets in overweight subjects, and found that weight loss after dietary intervention was significantly different between the high-protein group and the low-protein group. Fat loss was also significantly different between the 2 groups, whereas there were not significant changes of fat-free mass between the two groups (27) . Our results thus suggest that the change in Hcy concentrations is related to not only the change in lean body mass but also the change in body fat content.
Hyperhomocysteinemia may result from dietary deficiency in any of the hydrosoluble vitamins operating as cofactors of the Hcy-metabolizing machinery. However, recent studies using stepwise multiple regression analysis concluded that folate and cobalamine deficiencies provide only a partial explanation because they accounted for only 28% of the variance in total Hcy concentrations (28) , very close to the 35% to 40% attributed to folate, cobalamin, and pyridoxine deprivation as a whole (29) . Moreover, further aspects beyond the adequacy of vitamin factors have been much less intensely investigated up to now.
This study had several limitations. The study population consisted of patients who visited a single university hospital. Therefore, the prevalence of hyperhomocysteinemia in our data did not reflect the general population. Another limitation was that we did not evaluate the nutritional status of this study subjects. However, we performed this study as a follow-up study so that the baseline characteristics of the study population were considered to be similar until the end of follow-up.
In conclusion, changes in Hcy concentrations were associated with changes in lean body mass and body fat content in this cohort of Korean men and women. The change in lean body mass significantly contributed to hyperhomocysteinemia. These results suggest that a decrease in lean body mass determines increase in Hcy levels, rather than overall body mass index or weight change.
